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(54) Title: A TRACKING DEVICE AND METHOD 

in 

(57) Abstract: The present invention includes a tracking device that is associated with a cargo container. The cargo container is 
used for shipping of goods and materials and is placed into transportation vessels for shipment. The tracking device includes a GPS 
for receiving positioning information concerning the location of the cargo container and is adapted to transmit the location of the 

Q cargo container remotely. Sensor(s) are also operatively associated with the cargo container and tracking device to sense information 
concerning the surroundings of the cargo container. The tracking device receives this sensor information and deactivates the tracking 

)^ device when the caiigo container is either inside or in proximity to the aircraft. 
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A tracking riftvinQ apd method 



This invention relates to a tracking device and method. 

IVIany shipping companies attach transmitting devices to shipping 
containers to track their geographic location.' This allows the shipping company 
to determine the geographic location of the container as it moves between the 
origination and destination points to deternnine whether the goods inside the 
container are on time. late, or somehow misplaced. For Instance, the container 
may have been misrouted or been placed on the Incorrect airline to reach its 
destination. The advantages of tracking the position of the goods are many and 
therefore have become commonplace throughout the shipping industry. 

The tracking devices associated with the container transmit and receive 
various types of communication signals, such as electro-magnetic and/or radio 
frequency signals, for determining the geographic position. A problem occurs 
when the contalnerwith the tracking device is loaded onto a transportation 



SUBSTITUTE SHEET (RULE 26) 



wo 01/75472 



PCT/GBOl/01531 



vessel, such as an aircraft, as the signals may potentially cause interference with 
the aiYcraft systems. Regulatory agencies, such as the Federal Aviation 
Administration (FAA), place restrictions on communicatiorw signals due to their 
potential interference with flight systems and communications. Before the 
5 present Invention, containers with tracking devices could not be loaded onto 
vessels such as an aircraft because of this potential interference. Containers 
with tracldng systems may 'also be present In other areas that require rntrinsicaliy 
safe conditions. It Is therefore necessary that the tracking device be deactivated 
while the container is on board the transportation vessel or in an intrinsically safe 
10 area. 

It has been determined that for a deactivation method, it is inadequate to 
rely on a person to manually switch off the tracking device when it enters the 
aircraft. For example, human operators may forget to deactivate the tracking 
device when the container is entered into the transportation vessel. Additionally, 

15 these containers are normally tightly packed Into the transportation vessel cargo 
hold in such a manner that they are not easily accessible once the transportation 
vessel has been completely loaded. One container with a tracking device still 
activated that is loaded onto a transportation vessel may require that the entire 
transportation vessel be unloaded to access and deactivate the trackingdevice. 

20 Further, once the container is removed from the transportation vessel at the end 
of its journey, the tracking device must be reactivated so the container can again 
be adequately tracked. 



2 
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As a further consideration, the tracJ<ing device must be installed on the 
container such that it does not interfere with the cun-ently existing cargo 
handling equipment. This Includes placement of the transmitting device In a 
location such that It is not easily damaged by either the cargo handling 
equipment or a turbulent aircraft ride. 

The present Invention Is directed to a tracking device that is associated 
with a container for shipping of goods and/or materials. The tracking device 
receives information regarding the location of the container and such 
information is communicated remotely for tracking purposes. Sensors 
provided to detemifne if the container is proximate to, being loaded into, 
already loaded in transportation vessels (hereinafter, collectively referred to 
"proximate") so that the tracking device can be deactivated so as to not interfere 
with the communications systems of the transportation vessel, such as an 



are 
or 

as 



aircraft. 



There are many different manners in which the present Invent/on senses 
that the container is proximate to a transportation vessel, any of which can act 
independently or in cooperation with each other to deactivate the tracking 
device. Environmental sensors may be used to sense information concerning 
the surrounding of the container, including but not limited to. reception of 
positioning 
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information, acoustics, frequencies, pressure, altitude, motion, vibration, 
capacitance, and imagfng. Cooperative marker sensors may also be used by 
placing them proximately to the transportation vessel In strategic locations such 
tfiat sensors associated with the container are able to read such markers to 
detemiine that tlie container is pro)dmate to a transportation vessel so that the 
tracking device can be deactivated. These sensors are also used to determine 
when the container is no longer proximate to a transportation vessel so that the 
tracking device can be reactivated. 

Transportation vessels may have cargo holds that are shielded from 
reception of outside signals. In one environmental sensor embodiment, the lack 
of reception of positioning information inside such a cargo hold may be used to 
indicate that the container is inside a transportation vessel. 

In a second environmental sensor embodiment, acoustic signals unique to 
a particular type of transportation vessel may be sensed to indicate that the 
container is proximate to a transportation vessel. The tracking device compares 
the sensed acoustic signals to predetermined acoustics signals stored in memory 
to determine if the tracking device is In a transportation vessel and, thus, should 
be deactivated. 

In another environmental sensor embodiment, frequency detection is 
used. The transportation vessel may emit particular frequencies that are 
representative of the operation of the vessel. For Instance, aircraft AC power 
systems emit a frequency around the 400 Hz range that may be detected to 
signify that the container is proximate to the aircraft. 
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In another environmental sensor embodiment, pressure readings are 
used. Pressure readings can detemnine height above sea level which In turn can 
be used to determine if the container is airborne and, therefore, in a 
transportation vessel such as an aircraft. If the pressure readings are used In 
combination with positioning infonnation, the tracking device can detennlne the 
container's height above ground level to further ensure that the container is ' 
actually airborne (as opposed to above seal level, but still on the ground such as 
In a mountainous region) before deactivating the traclclng device. 

In another environmental sensor embodiment, motion and/or vibration of 
the container Is measured. If the container Is moved in a certain way or at a 
certain angle, this may signify that the container is proximate to a transportation 
vessel. Likewise, transportation vessels may have unique vibrations that can be 
sensed to detemnlne when the container is proximate to a transportation vessel 
so that the tracking device can be deactivated . 

In another environmental sensor embodiment, capadtance is used to 
d^emnlne if the container is proximate to a transportation vessel. Certain caipo 
holds of transportation vessels may be constructed of unique materials of known 
thicknesses that will couple with the container to form a predetermined 
capacitance when the oonteiner is proMmate to the transportation vessel. Thus, 
by determining the capacitance associated with the container, the tracking device 
can determine whether the container is proximate to a transportation vessel so 
that the tracking device can be deactivated. 
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In another environmental sensor embodiment, an imaging sensor may be 
used to detenmine tlie curvature of the contamei's surroundings. Certain caipo 
holds for certain transportation vessels may have unique shapes, and. thus, 
identifiable curvatures, due to the vessel's construction and design. By using an- 
imaging sensor to identify the cun^ature associated with the container's 
surroundings, the tracking device can detemiine whetherthe container Is 
proximate to a transportation vessel so that the tracking device can be 
deactivated. 

In a first cooperative marker sensor embodiment, an optical sensor Is 
used to read a code marker or other pattern strategically placed proximate to the 
transportation vessel to signify that the container is proximate to a transportation 
vessel. Such codes may be one dimensional pattern codes such as a bar code 
ortwo dimensional pattern codes. When such a code Is read, the tracking device 
recognizes that the container is proximate to a transportation vessel so that the 
tracking device can be deactivated. In addition to signifying that the container Is ^ 
proximate to a transportation vessel, such codes may also contain other 
information, such as the itinerary of the transportation vessel or Its journey 
duration, which gives the tracking device the option of tailoring the reactivation 
process to occur after the transportation vessel reaches Its destination. 

In a second cooperative marker sensor embodiment, a capacitance 
marker sensor Is used to read a capacitance marker strategically placed 
proximate to the transportation vessel to signify that the container is proximate to 
a transportation vessel. For instance, metal plates may be used as the 
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capacitance marker and placed Inside the cargo hold of the transportation vessel 
where the container will be located. By determining the capacitance associated 
with the container, the tracking device can Identify vwhen the container is 
proximate to a transportation vessel so that the tracking device is deactivated. 

In another cooperative marker sensor embodiment, an ultrasonic marker 
sensor is used to detect ultrasonic signals to signify that the container is 
proximate to a transportation vessel. Markers that emit specific ultrasonic signals 
are placed proximate to theiransportation vessel. The tracking device emits a 
signal and Includes an ultrasonic transponder to receive the response to such 
signal. Because the markers are known to emit specific signals in response to 
specific signals emitted by the tracking device, the tracking device can Identify 
when such markers are present, signifying that the container Is proximate to a 
transportation vessel so that the tracking device can be deactivated. 

In another cooperative marker sensor embodiment, an infrared beacon 
sensor is used to detect Infrared signals to signify that the container is proximate 
to a transportation vessel. Markers that emit specific infrared signals are placed 
proximate to the transportation vessel. The tracking device Includes an infrared 
sensor to detect infrared signals. Because the Infrared markers are knovwi to 
emit specific signals, the tracking device can identify when such markers are 
present, signifying that the container Is proximate to a transportation vessel so 
that the tracking device can be deactivated. 

In another cooperative marker sensor embodiment, a frequency beacon 
sensor is used to detect frequency signals to signify that the container Is 
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proximate to a transportation vessel. Mariners that emit specific frequency 
signals are placed proximate to the transportation vessel. The traci<ing device 
includes a frequency sensor to detect frequency signals. Because the frequency 
markers are known to emit specific signals, the tracking device identify when 
5 sucli marlcers are present, signifying that the container is proximate to a 
transportation vessel so that the tracl^ing device can be deactivated. 

This method may be of particular advantage when combined with the 
environmental frequency sensor embodiment discussed above if the 
transportation vessel is an aircraft. Specifically, the frequency beacon may be 

10 set to emit frequency signals in the range of 400 Hz, the same frequency range 
as that emitted by an aircraft's AC power system. The tracking device can 
include and. use the same frequency sensor for both the environmental frequency 
sensing method and frequency beacon method as a redundancy, without the 
extra cost of two different types of sensors associated with the tracking device. 

15 In another cooperative marker sensor embodiment, a magnetic marker 

sensor is used to detect magnetic pattems to signify that the container is 
proximate to a transportation vessel. Magnetic markers arranged in a specific 
pattern to form a code are placed proximate to the transportation vessel. The 
tracking device includes a magnetic marker sensor to detect the magnetic marker 

20 pattern. By reading and identifying the expected magnetic marker pattern, the 
tracking device can determine when the container is proximate to a 
transportation vessel so that the tracking device can be deactivated. 
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The tracking device can deactivate the system to varying degrees. The 
most important deactivation is to deactivate the remote communication device 
so that transmissions are not made while the container is proximate to a 
transportation vessel. The tracking device can also deactivate other systems to 
conserve power and to further diminish potential Interference with the 
transportation vessel's systems. Sensors associated with the tracking device 
that emit signals may also be deactivated, depending on the particular type of 
transportation vessel and the strength of the signals emitted. 

The invention will now be described, by way of example, with reference 
to the accompanying drawings, In which: 

Figure 1 is a perspective view of a container designed for the cargo hold 
of an aircraft; 

Figure 2 is a partial perspective view illustrating a container being loaded 
Into the cargo hold of an aircraft; 

Figure 3 Is a schematic representation of the components of the tracking 
device of the present invention; 

Figure 4 Is a schematic representation of a global positioning system 
used by the tracking device to detem^ine the geographic position of the 
container; 

Figure 5 is a flowchart describing the operation of the tracking device 
when using sensors; 

Figure 6 Is a flowchart describing the deactivation and reactivation 
processes of the tracking device when using sensors; 

Figure 7 Is a schematic Illustration of an acoustic sensor; 
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Figure 8 is a scliematic illustration of a frequency detection sensor; 
Figure 9 is a flowchart describing the use of a pressure sensor used to 
determine if the container is in an aircraft; 

Figure 10 is a schematic illustration of an imaging emitter and detector; 
Figure 1 1 is a scliematic representation of a Snowflake code; 
Figure 12 is a schematic representation of a capacitance marker sensor; 
Figure 13 Is a schematic representation of an ultrasonic transponder; 
Figure 14a is a scliematic representation of a magnetic marker sensor; 

and 

Figure 14b is a schematic representation of a magnetic marker pattern. 

In the following description, like reference characters designate like or 
con-esponding parts throughout the several views. Also, in the following 
description, it is to be understood that such terms as "fon/vard", "reanrt/ard", 
"left", "right", "upwardly", "downwardly", and the like are words of convenience 
and are not to be construed as limiting terms. 

Referring now to the drawings in general, and to Figure 1 in particular, it 
will be understood that the illustrations are for the purpose of describing a 
preferred embodiment of the invention and are not intended to limit the 
invention thereto. 

As illustrated in Rgures 1 and 2, a container 10 is provided that is 
especially suited for the cargo hold of an aircraft, such as those containers 
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manufactured and distributed by Envirotainer Group Companies. A tracking 
device 100 is associated with the container 10 for detemiining Its geographic 
position during the shipping process. The tracking device 100 may be placed 
Internally \A*hln the container 1 0, or the tracking device 1 00 may be positioned 
on an outer surface necessary for communication with a cooperative marker 60 
as will be described below. The tracking device 100 is placed in a position such 
that It will not interfere with or be damaged by the material handling system, 
generally designated 40. 

Container 10 may take a variety of forms depending upon the type of 
materials and goods being shipped. Container 10 may also be constructed to 
provide for temperature sensitive materials that range from insulated packaging, 
refrigeration units using dry ice, and thennostat equipped containers using 
aircraft power to run refrigeration and heating systems! Figure 2 illusfrates the 
container 10 being loaded Into the loading port 65 of an aircraft 50. The 
container 10 Is equipped to be handled by a material handling system 40. and 
may include openings for mounting the blades of a forkllft or a protective outer 
layer allowing for moving the container 10 into tiie aircraft 50. One skilled in the 
art will understarid that there are a plethora of containers and many different 
types of transportation vessels, such as aircraft, ships, and trains that are all 
applicable to the present Invention. 

The tracking device 100 Is schematically fliustrated in Figure 3. A contnal 
system 101 Includes a microprocessor 102 operatively connected with a memory 
104, an input/output interface 106. and a timer circuit 108. The microprocessor 
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102 Interfaces with devices outside the control system 101 through the 
input/output Interface 106. If the microprocessor 102 needs to carry out 
instructions or operations based on time, the microprocessor 102 uses the timer 
circuit 108. 

5 The tracking device 100 also Includes a positioning system 118a, also 

referred to as a global positioning system (GPS) receiver 118a, and the two 
terms are used interchangeably herein. The GPS receiver 1 18a receives 
electronic signals containlng.posltioning information representing the location of 
the tracking device 100 and. therefore, the location of the container 10, One 

10 exaniple of the positioning system 118a is described in U.S. Patent No. 
5,648,763, Incorporated herein by reference herein in its entirety 

The positioning Information is received by the microprocessor 102 through 
the Input/output interface 106. The microprocessor 102 may store the positioning 
information in memory 104. The microprocessor 102 may also send the 

15 positioning information received from the positioning system 1 18a conceming the 
location of the container 10 to a remote communication device 112. The remote 
communication device 112 communicates the positioning information to a remote 
site 1 30 or otiier type of host computer. The remote communication device 112 
may transmit positioning information by a wired communication such as a 

20 telephone modem, or it may transmit such information wirelessly through use of a 
cellular phone modem. Alternatively, the remote communication device 112 may 
send out positioning information to the remote site 1 30 in the form of frequency 
communication signals to devices such as satellites or radio-frequency devices. 

12 
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Figure 4 illustrates one embodiment of a GPS system 200 as a space- 
based radio positioning network for providing users equipped with suitable 
receivers highly accurate position, velocity, and time (PVT) Inforniationl The 
Illustrated space-based embodiment of the GPS system 200 Includes a 
constellation of GPS satellites 201 in non-geosynchronous twelve-hour orbits 
around the earth. The GPS satellites 201 are located In six orbital planes 202 
with four of the GPS satellites 201 in each plane, plus a number of "on orbit" 
spare satellites (not shown) for redundancy. 

GPS position detennlnatlon Is based upon a concept referred to as time of 
anival (TOA) ranging. Each of the orbiting GPS satellites 201 broadcasts spread 
spectrum microwave signals encoded with positioning data and satellite 
ephemerls Infomiaton. The signals are broadcast on two essential frequencies 
at precisely known times and at precisely known intervals. The signals are 
encoded with their precise time of transmission. 

The tracking device 100 receives the signals with a particular type of 
positioning system 118a caHed a GPS receiver. The GPS receiver 11 8a is 
designed to time the signals and to demodulate the GPS satellite 201 orbital data 
contained in the signals. Using the orbital data, the GPS receiver 1 1 8a 
determines the time between transmission of the signal by the GPS satellite 201 
and reception by the GPS receiver 1 18a. Multiplying this by the speed of light 
gives what is temied the -pseudo range measuremenr of that satelHte. If a clock 
within the GPS receiver 1 18a were perfect, this would be the range 
measurement for that GPS satellite 201 . but the Imperfection of the clock causes 
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measurement Is called a pseudo range, rather than a range. However, the time 
offset is common to the pseudo range measurements of ali the satellites. By 
determining the pseudo ranges of .four or more GPS satellites 201 , the GPS 
5 receiver 1 18a is able to detennine its location In three dimensions, as well the 
time offset Thus, a user equipped with a proper GPS receiver 11 8a is able to 
determine his PVT with great accuracy. The GPS receiver 1 18a in the present 
invention determines positioning information accurately when three or more 
satellite signals are received, but It is still possible for the GPS receiver 11 8a to 

10 successfully determine location from positioning Infonnation from two or less 

GPS satellites 201. This technology is well known, such as that disclosed In U.S. 
Patent No. 6,031,488, Incorporated herein by reference in its entirety. 

The.tracking device 100 also includes a local access port 122. A 
computing device such as a laptop computer with the proper software can 

15 access the tracking device 100 electronically by connecting to the local access 
port 122 for reasons described below. 

A power system 110 supplies power to tracking device 100 components 
for executing the tracking functions. The power system 110 is contained within 
the tracking device 100 so that tracking functions can operate regardless of 

20 whether the tracking device 100 is in the presence of an external power source, 
but the power system 110 may also be connected to the aircraft power once the 
container 10 is loaded onto Oie aircraft 50. The microprocessor 102 controls 
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Which devices within the tracking device 100 receive power by controinng the 
distribution of tlie power system 110. 

The sensor(s) 118. 120 may utilize a variety of technologies to deactivate 
the traclclng device 100 when the container 10 Is positioned on the aircraft 50. 
Generally, these technologies may be divided into two types of sensors: 
environmental sensors 118 and cooperative marker sensors 120. Environmental 
sensors 1 18 are those that detect the environment to which the tracking device 
100 Is exposed in order to detennlne whether the container 10 is positioned 
aboard the aircraft 50. Cooperative marker sensors 120 detect a cooperative 
maricereo positioned within or In proximity to the aircraft 50 to determine when 
the container 10 is aboard the aircraft 50. The tracking device 100 may be 
deactivated In a variety of different manners depending upon the type of sensors 
1 1 8. 120 employed. Deacth^ation prevents Interference vwth delicate aircraft 
systems such as navigational, power, and communication. 

In the present invention, thetemi "deactivation" and the like are defined as 
disabling the systems and elements of the tracking device 100 that may cause 
interference. This may entail shutting down one or ail of the systems depending 
upon the specifics of each embodiment Figure 5 Illustrates the basic operation 
of the present invention when sensors 1 18,120 are used to determine If the 
container 10 is in the aircraft 50 and/or its cargo hold. The operation starts (step 
300) and positioning Infonnatlon Is received by the positioning system 118a and 
is communicated through the remote communication device 1 12 to the remote 
site 130 (step 302) to allow tracking of the container 10. Infonnation from the 
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sensor(s) 118, 120 are passed through the input/output interface 106 to the 
control system 101 (step 304), The control system 101 determines, based on the 
information from the sensor{s) 118, 120, whether the container 10 Is in the 
aircraft 50 and/or its cargo hold (decision 306). If tlie control system 101 

5 determines that the container 10 is not in the aircraft 50 and/or its cargo hold, the 
process returns to the beginning (step 300) and the process is repeated. If the 
control system 101 determines that the container 10 is in the aircraft 50 and/or its 
cargo hold, the control system 101 performs a deactivation and reactivation 
procedure (step 308). When the reactivation process is completed, the process 

10 returns back to the beginning (step 300) and the process Is repeated. 

The tracking device 100 may contain either a single sensor 118, 120 or 
multiple sensors 1 16, 120 for transfemng infomiation to the control system 101 to 
deactivate the tracking deyice 1 00 (step 308). When the container is in the 
aircraft 50 and/or lis cargo hold* If the tracking device 100 includes a second 

15 sensor 118, 120 or a multitude of sensors 118, 120, the control system 101 may 
waft until signals are received from more than one sensor 118. 120 prior to 
performing the deactivation and reactivation procedure (step 308). 

Figure 6 describes the deactivation and reactivation process of the 
tracking system (step 308) described in Figure 5- The deactivation process 

20 begins (step 330). The remote communication device 112 that transmits 

positioning information regarding the location of the container 10 to the remote 
site 130 is deactivated (step 332), The control system 101 controls the power 
system 110 and disables power to the remote communication device 112 (step 

16 
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332). The control system 101 then determines If the remote communication 
device 1 12has been disabled due to lack of reception of positioning Information 
signals from the GPS receiver 1 18a (discussed below) (decision 333). If yes. the 
control system 101 reads memory 104 to determine if any additional systems 
the tracking device 100 should be disabled (decision 335). and sucli disabling 
earned out if programmed (step 337). The control system 101 then continually 
checks to see if positioning information has been received by the GPS receiver 
118a until positioning infomiation signals are received (decision 339). The 
tracking device 1 00 is able to perfomi this function since the deactivation process 
does not deactivate the GPS receiver 1 18a. When positioning Infbnnation is 
received successfully again by the GPS receiver 118a. the tracking device 100 is 
reactivated and resumes the transmission of positioning infonnafon concerning, 
the location of the container 10 to the remote site 130 (step 308 in Figure 5). 

If the control system 101 detemiines that deactivation was not a result of 
the remote communication device 1 12 faffing to receive positioning Infbmiation 
signals from the GPS receiver 1 18a (decision 333), the control system 101 
determines if the tracking device 100 is to be disabled for a specified period of 
time (decision 334). If yes. the control system 101 reads the specified time from 
memory 104 (step 342) and programs the timercircuit 108 (step 344). The 
control system 101. waits until the timer circuit 108 indicates the specified time 
has lapsed (decision 346) before the tracking device 100 reactivates previously 
deactivated systems in the tracking device 1 00 including the remote 
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communications device 1 12 (step 347), and ends (step 348). returning .bacl< to 
Figure 5 (step 308). 

If the control system 101 determines that the tracldng device 100 is not to 
be deactivated for a specified period of time (decision 334), the control system 
101 determines if tlie deactivation period should be based on the itinerary of the 
container 10 (decision 338). For instance, the desired period of deactivation 
may extend until the aircraft 50 is scheduled to land and/or reach its final 
destination. If the answer to itinerary-based deactivation is yes (decision 338), 
the control system 101. calculates the amVal time (step 340) and programs the 
timer circuit 108 (step 344). The control system 101 waits until the timer circuit 
108 Indicates the arrival time has passed (decision 346) before the tracking 
device 100 reactivates previously deactivated systems in the tracking device 100," 
including the remote communications device 1 12 (step 347), and ends (step 
348). returning back to Rgure 5 (step 308). 

If the control system 101 determines that the deactivation should not be 
based on the itinerary of the container 10 (dedsion 338), the control system 101 
determines If the container 10 is outside of the aircraft 50 (decision 345) by 
checking status of sensor(s) 118, 120 until the container 10 is actually outside 
the aircraft 50 at which time the tracking device 100 reactivates previously 
deactivated systems in the tracking device 1 00, including the remote 
communications device 1 12 (step 347), and ends (step 348), retuming back to 
Figure 5 (step 308). 
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During the deactivated state, the control system 101 may deactivate all 
elements and only maintain enough power to periodically detect the container 1 0 
position. Alternatively, the control system 1 01 may deactivate only those 
elements that may interfere with the aircraft systems, such as the remote 
5 communication device 11 2 and the positioning system 1 18a. and maintain the 
activated state for the other components. 

Alternatively, the control system 101 may send a location signal through 
the remote communication device 112 such that the tracking party will Icnowthe 
last. available geographic location prior to deactivation. The control system 101 
1 0 may also remain in an activated state for a pfedetemilhed period of time until 
deactivation. The predetennined period of time provides for the assumption that 
the container 10 vwll be placed onto the aircraft 50 some time before takeoff and 
that there will be spare time in which interference with aircraft systems Is not an 
Issue. 

15 

Environmental Sensors 

The various types of environmental sensors 1 18 include GPS system 
118a. acoustic sensor 11 8b. frequency detector 11 8c, barometric pressure 
sensor IIBd. nnotion sensor 118e. capacitance sensor 118f, and/or imaging 
20 emitter and detector 1 1 8g. Each of these environmental sensors 1 1 8 detects ' 
when the container 10 Is placed onto the aircraft 50 or is about to be placed onto 
the aircraft 50 and Is used for executing step 304 in Figure 5. the logic of which 
has been previously discussed above. Additionally, more than one type of 
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environmental sensor 118 may be used individually or In combination to make 
this detection. 

GPS System 

5 When the container 10 with traclcing device 100 is. placed into the aircraft 

50, the satellite signals, may be blocked by the aircraft 50 and may not reach the 
GPS receiver 1 18a. The GPS receiver 1 1 8a communicates to the control system 
101 that the signals are not being received, which the control system 101 
equates to the container 10 being placed into the aircraft 50, As the tracking 

10 device 100 Is being loaded into the aircraft 50 as illustrated in Figure 2, the GPS 
receiver 118a may receive only a limited number of signals or positioning 
information from the satellites 201. The "one-sided" signal reception is a result of 
some of the satellite positioning infonnation being blocked by the aircraft 50, 
while others still reach the GPS receiver 1 1 8a. Therefore, the control system 

15 101 may identify the container 10 as being placed Into the aircraft 50 If only one 
or two satellite signals are received by the GPS receiver 118a. The "one-sided" 
signal reception may be the primary indication for the control system 101 to 
deactivate, or it may be a redundant check also requiring a full loss of signals 
prior to deactivation. 

20 

Acoustic Sensor 

The tracking device 100 may be able to determine if the container 10 is in 
the aircraft 50 by detecting characteristics of the sound and vibration in the 
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aircraft 50. An aircraft 50 with jet engines, for example, tends to produce a 
substantiai annount of vibration. Tfiis vibration is radiated in the fonn of sound 
waves and Is coupled to the aircraft 50 structure on which the engines are 
mounted. Detection of the container 10 in the aircraft 50 may be accomplished 
5 by detecting this sound and vibration. An example of such a sensor is described 
in U.S. Patent No. 5,033,034, Incorporated herein by reference in its entirety. An 
acoustic sensor 118b is able to permit the traclting device 100 to monitor the 
operation of ttie aircraft 50 by detecting distinctive sounds made by aircraft using 
microphones to capture sounds made in the air and through the body of the 
10 aircraft 60. 

Figure 7 illustrates a block diagram for an acoustic sensor 1 18b in 
particular. An air microphone 400 is placed in the aircraft 50 to detect the 
substantial engine sounds when the aircraft 50 is operating, such as during the 
pre-flight checl<s, taxi, and takeoff. The signals from the air microphone 400 are 

15 coupled to a digital signal processor (DSP) 404 for processing. Additiorially. a 
contact microphone 402 may be provided and placed in contact witli the aircraft 
50 structure to detect vibrations witliin the aircraft 50 with the signals from the 
contact microphone 402 also coupled to the DSP 404. The DSP 404 is a 
processor especially suited for processing of numeric applications. In the 

20 present Invention, the DSP 404 takes the signals from both the air microphone 
400 and the contact microphone 402 and runs a Fast Fourier Transform (FFT) on 
the signals to convert the signals from the time domain to the frequency domain. 
A modified-FFT may also be used tiiat achieves adequate results for most 
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purposes. Once the signals are represented in the frequency domain, this 
representation Is communicated to the microprocessor 102 of control system 101 
via input/output interface 106 to compare the frequency and amplitude of the 
detected signal pattern with that of a pre-defined jet engine and/or aircraft 50 
5 engine signal pattem stored in memory 104. Deactivation results when the 
signal patterns match or fall within a predefined range. 

Frequency Detector 

The tracking device 100 may also be able to determine if the container 1 0 
10 IS in an aircraft 50 by detecting frequencies emitted by the aircraft 50 during its 
normal operation. An aircraft 50 with jet engines, for example, may produce 
specific frequencies during operations, such as take off, landing, taxiing, and 
prefiight checks. Detection of the container 1 0 in the aircraft may be 
accomplished by detecting specific emitted frequencies that are unique to aircraft 
15 50. 

Figure 8 illustrates a frequency detector 118c according to one preferred 
embodiment for detecting a signal in the range of 400 Hz. Aircraft power 
systems use an AC 400 Hz power distribution system that Is somewhat unique to 
aircraft 50, as described in U.S. Patent No. 5,835,322, incorporated herein by 
20 reference In its entirety. A frequency detector that detects a signal at 

approximately 400 Hz may Indicate that the container 10 is on the aircraft 50 and 
that the tracking device 50 should be deactivated in accordance with the 
deactivation process. 
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The preferred embodiment includes three receiving elements 440 
orthogonal to each other In three dimensions for use as the frequency detector 
1 18c. The receiving elements 440 may be coils with tuned circuits to detect the 
desired frequency, or magnetometers designed to sensitively measure AC field 
strengths, both of which are well known and commonplace. 

The purpose of Including more than one receiving element 440 and 
placing a plurality of receiving elements 440 orthogonal to each other is to create 
an orientation-independent receiving structure to ensure that signals are piclted 
up regardless of the orientation of the container 10 and/or the frequency detector 
1 18c. In a prefemed embodiment, three receiving elements 440 are placed 
orthogonally to each other to create detection devices in dll three dimensions. A 
summer 441 sums the squares of the signal pattems from the receiving elements 
440 to eliminate any nulls. .In this manner, there Is always a signal generated 
from at least one receiving element 440 that is not null, thereby making the 
frequency detector independent of orientation. 

The summed signals from the summer 441 are received by the control 
system 101 through the input/output interface 106. If the control system 101 
detects a significant signal from the receiving elements 440 that are tuned to 
receive 400 Hz signals, the control system 101 is programmed to recognize that 
the container 10 is In the aircraft 50 and to perform the deactivation procedure. 

A spectrum analyzer may be used as a frequency detector 1 18c to 
detemnlne the presence of a particular frequency signal In a manner such as 
described in U.S. Patent No. 3,41 8,574, .incorporated herein by reference in its 
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entirety. The spectrum analyzer scans a band of signal frequencies In.order to 
determine the frequency spectrum of any signal emitted by the aircraft 50. There 
are other methods of detecting particular frequency signals so as to provide a 
frequency sensor 118c, and the prefen^ed embodiments are not intended to limit 
5 the present invention from using such other methods. 

It Is also noted that other frequency signals may be emitted when the 
container 10 is on an aircraft 50 or proximate to an aircraft 50. such as at an 
aircraft field. Aircraft towers or other communication devices may emit FM 
signals that can be detected by the frequency detector 1 18c to indicate that the 
10 container 10 Is either in an aircraft 50 or proximate to an aircraft 50 such that the 
deactivation process should be perfonned. Therefore, the present invention is 
not limited to detection of any specific frequency signals and the signals do not 
necessarily have to be emitted from the aircraft 50 itself. 

15 Pressure Sensor 

A barometric pressure sensor 11 8d may be used In combination with the 
GPS receiver 11 8a for detemiining when the container 10 is positioned within an 
aircraft 50. The barometric pressure sensor 1 18d detennines the air pressure 
being exerted on the container 10 as it moves during the shipping process. 

20 Various types of pressure sensors 1 18d to determine altitude are available, such 
as that described in U.S. Patent 5,224,029, incorporated herein by reference in 
its entirety, and the present invention is not limited to any particular type of 
pressure sensor 1 18d. 
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The positioning information received by tlie GPS receiver 118a Indicates 
the geographic position of the container 10, but does not Indicate the height df 
the container 10 above sea level. A barometric pressure sensor 11 8d may be 
used to ascertain the height of the container 10 above sea level, but it cannot by 

5 Itself determine whether the height above sea level is still on the ground or in the 
air. For Instance, the city df Denver, Colorado has a ground level that is already 
approximately one mile above sea level. A reading by the barometric pressure 
sensor 11 8d attached to a container 10 will not by Itself Indicate the height above 
ground level. Therefore, it is advantageous to use the altitude indication from the 

10 barometric pressure sensor 1 1 8d, In combination with the positioning information 
from the GPS receiver 1 1 8a, Is used to ascertain the height of the container 10 
above ground level and, thereby, to determine whetherthe container 10 is In an 
aircraft 50. 

Figure 9 illustrates the barometric pressure sensor 118d operation to 
15 determine height of the container 10 above ground level. The operation begins 
(step 370), and the control system 101 determines the reading from the 
barometric pressure sensor 1 1 8d to correlate such reading to altitude and stores 
such In memory 104 (step 372). The control system 101 next reads the 
positioning information from the GPS receiver 118a to ascertain the geographic 
20 location of the container 10 (step 374). The control system 101 detemiines the 
approximate ground level value by correlating the particular geographic region 
determined by the positioning information received from the GPS receiver 118a 
to data either stored In memory 104 or also received remotely by the GPS 
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receiver 118a, and the control system 101 stores the approximate ground level 
value in memory 104 (step 376). The control system 101 subtracts the ground 
level from the altitude previously stored in memory 1 04 to determine the height of 
the container 1 0 above ground level (step 378). If this value is greater than zero, 
5 the container 1 0 is above ground level and may be In an aircraft 50. The process 
ends (step 380) and returns back to Figure 5 In which the tracking device 100 
decides if the container 1 0 is in the aircraft 50 (decision 306) by determining if the 
container 10 Is above ground level. The control system 101 may perform the 
deactivation procedure (step 308) when the difference reaches some minimal 
10 value since topologies can vary in any given area. In one embodiment, this 
minimal value is 200 feet. 

Motion Sensor 

A movement or motion sensor 11 Be may be used for determining when 
15 the container 1 0 is either being moved, jostled, or placed at an angle. There are 
many different motion and acceleration sensors 1 18e that can be used to detect 
movement and/or acceleration of the container 10 and/or an aircraft 50. For 
instance, U.S. Patent No. 5,033,824, incorporated herein by reference in its 
entirety, describes a vibration/acceleration sensor that is fixed to a casing to 
20 measure the vibrations. Such a sensor could be mounted to the body of an 
aircraft 50 to perform the same functionality. A piezoelectric device is used to 
detect mechanical vibration and to generate an electrical charge representative 
of such vibration. The electrical charge is read by the control system 101 
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through the input/output Interface 106 and compared with a predetermined value 
In memory 104 to determine whether the container 10 Is In an aircraft 50 and. 
thus, whether the deactivati&n function should be perfomied as described above 
in Figure 6. 

Alternatively, or additionally, a mercury switch may be used as a 
movement sensor 118e to indicate If the container 10 is positioned at an angle. 
When the container 10 Is loaded Into the aircraft 50, the container 10 Is placed at 
an angle with respect to the ground when placed on the conveyor system 40, as 
illustrated in Rgure 2. The mercury switch tilts and causes the mercury liquid to 
either become open or closed, thereby Indicating movement of the container 10. 
The control system 101 receives this signal from the movement sensor 1 18e 
through the input/output interface 106, thereby indicating that the container 10 is 
at an angle and being loaded into an aircraft 50. The control system 101 can 
then initiate the deactivation and reactivation procedures as described above In 
Figure 6. 

Capacitance Sensor 

The tracking device 100 can detemnine if the container 10 is In an aircraft 
50 by using a eapacitance sensor 118f to detect the capacitance change of the 
container 10. When the container 10 is placed Into an aircraft 50. the container 
10 Is placed into the cargo hold. The container 10 may be constiucted to 
confomi to the dimensions of the cargo hold to reduce or eliminate any non- 
usable space. As such, the containers 10 are often placed in proximity to or 
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against the inner walls of the cargo hold. The body of the aircraft 50 may be 
made out of special materials witli defined thiclcnesses and other characteristics 
that affect the capacitance of tlie container when placed in close proximity 
thereto. The tracidng device 100 could include a capacitance sensor 118f to 

5 sense the capacitance of the container 1 0. One such sensor Is described in U.S. 
Patent No. 4,219,740, incorporated herein by reference in its entirety, that 
describes using a variable inductance/capacitance measuring device to monitor 
the proximity of a target object. 

In the present Invention, the aircraft 50 itself is the target object The 

10 container 10 in the preferred embodiment is constructed out of steel and, 
therefore, is conductive. The Inductance of the measuring device changes in 
accordance with the proximity of the container 10 to the body of the aircraft 50. 
This change is compared by the control sysitem 101 to values stored in memory 
104 representative of the conductance of an aircraft 50 body (to which the 

15 container 10 would be proximate if loaded onto the aircraft 50), to determine 
when the container 10 is loaded onto the aircraft 50 so as to initiate the 
deactivation and reactivation procedures as described above in Figure 6. 

Imaging Sensor 

20 The tracl<ing device 100 can also determine If the container 10 is in an 

aircraft 50 by detecting the curvature of the cargo hold. Aircraft cargo holds have 
distinctive shapes due to the curvature of the body of the aircraft 50. An Imaging 
sensor or light sensor 11 8g can emit a spectrum of light during the shipment of 
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the container and read the reflection to determine !f the container 10 has been 
placed In an area containing a cun/ature like that of the cargo hold. 
An example of an imaging sensor 118g comprises an imaging emitter 506 and 
detector 509. as illustrated in Figure 10 and described below. The imaging 
5 sensor 1 1 8g uses an Imaging emitter 506 to scan the area of interest with a 

beam 500. The scanning is achieved by moving a mirror, such as a reflector 502 
- that is rotated about a rotational axis 504. The light source emitted by the 
imaging/emitter 506 may be a laser or laser diode. An optical lens 508 converts 
the light into a beam 500. The beam 500 scans the aircraft surface 501 and the 
10 reflected light passes through ^n Imaging detector 509 that Is comprised of an 
optical lens 510 that produces an image of the scanned area on photo detecfore 
512. which generate electrical signals representing the surface 501. AdetecOng 
system 514 then detemilnes the patlem or width of the electrical signals to 
translate such signals to information. 
15 The imaging emitter 506 continues to emit a spectmm of signals such as 

infrared signals from the container 10 during shipment. The imaging detector 
509 receives the reflection of the light emitted by the imaging emitter 506. Bends 
or cun/es in a reflected suri'ace bend or cun/e the light received from by the 
imaging detector 506. The control system 101 continually monitors the reading 
20 from the imaging detector 506 and compares It to a predefined reading stored In 
memory 1 04. If the image received by the Imaging detector 509 indicates that 
the container 10 is In an aircraft 50 cargo hold, the control system 101 carries out 
the deactivation and reactivation process as described above In Figure 6. 
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Cooperative Marker Sensors 

Cooperative marker sensors 120 detect markers placed within or 
proximate to the aircraft 50. As illustrated in Figure 2, a cooperative marker 60 is 

, 5 positioned immediately witliin or proximate to thd aircraft loading port 65. A 
number of cooperative markers 60 may be positioned within the aircraft 50 
located at various positions. Additionally, more than one type of cooperative 
marker 60 may be used in combination within a single aircraft 50. Cooperative 
marker sensors 120 are preferably positioned on an outer portion of the container 

10 to delect the cooperative markers 60, vyhich are typically placed within the aircraft 
50, but may be placed slightly away from or proximate to the aircraft 50 to be 
encountered by the container 10 before the container 10 is loaded into the 
aircraft 50. 

The codperative sensors 120 may be active devices that pick up signals 
15 from emitters placed purposely in the aircraft 50 or its cargo hold. Alternatively, 
the cooperative sensors 120 may be passive devices that differ finom active 
devices in that emitters are not placed in the aircraft 50 or its cargo hold. 
Instead, for passive devices, cooperative markers are placed In the aircraft 50- or 
its cargo hold that are not active devices, such as emitters, but simply represent 
20 codes or markings that are detected by passive cooperative sensors 120 to relay 
Information. 

Cooperative marker sensors 120 may include optical marker sensor 120a, 
capacitance marker sensor 120b, ultrasonic marker sensor 120c, infrared 
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beacons 120d, frequency beacons 120e. and/or magnetic marker sensor 120f. 
Each of the cooperative markers 60 sensed are used for executing step 304 in 
Rgure 5, the logic of whicli has been previously discussed above. 

Optical Marker Sensor 

An optical marker sensor 120a may be used by the tracking device 100 to 
sense the presence of a cooperative marker 60 that is positioned within the 
aircraft 50. In one embodiment, the optical marker sensor 120a Includes an 
infrared illuminator using a bank of LED's or laser similar to tiiat described above 
in Figure 10, A cooperative marker 60 is positioned within the aircraft 50 that 
contains specific coded Information indicating that the container 10 is being 
loaded Into frie aircraft 50 Oris about to be loaded into an aircraft 50, This 
cooperative marker 60 code could be a bar code or the code illustrated in Figure 
1 1 marketed under the trademark Marconi Snowflake™ 520 by the assignee of 
the present Invention. The article entitled "The Marconi Data Systems Snowflake 
Code" discusses the advantages and features of the Marconi Snowflake code 
520 and is incorporated herein by reference in its entirety. The optical marker 
sensor 120a may also distinguish reading the cooperative marker 60 from left to 
right or top to bottom depending on the alignment of the cooperative marker 60 to 
Indicate the direction of movement of the container 10 with respect to the 
cooperative marker 60. 

Similar to that illustrated In Rgure 1 0 above, the optical marker sensor 
120a emits spectrum signals such as an Infrared signal or laser signal from the 
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container 10 during shipment. The optical marker sensor 120a receives the 
reflection of the light emitted to determine if the optical marker sensor 120a is 
picking up Infomiatlon from the Marconi Snowflake code 520. When information 
Is detected by the optical marker sensor 120a from the Marconi Snowflake code 
5 520, the optical marker sensor 120a passes such information to the control 
system 101 through the input/output interface 106. The control system 101 
determines whether the information read from the Marconi Snowflake code 520 
indicates that the container 10 Is being loaded or has been loaded Into an aircraft 
50, in which case the control system 101 cam'es out the deactivation and 
10 reacfivafion process. 

Capacitance Marker Sensor 

Figure 12 illustrates metal plates or markers 530 that are placed on ttie 
aircraft 50 body proximate to the container 10 when it is loaded Into the aircraft 

15 50 cargo hold. In this manner, a capacitance marker sensor 1 20b can detect the 
change in capacitance to indicate that the container 10 is loaded into the aircraft 
50. The sensing process for this method is the same as that described above for 
capacitance sensor 118f, In this particular method, plates 530 placed into tiie 
aircraft 50 may allow better determination of the change In capacitance 

20 proximate to the container 10 by the control system 101. 
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Ultrasonic Marker Sensor 

The ultrasonic marker sensor arrangement 120c senses the presence of a 
cooperative marker 60 that resonates at particular frequencies. In the preferred 
embodiment, as shown In Figure 13, the ultrasonic marker sensor 120c is an 
5 ultrasonic transponder 602 tiiat receives ultrasonic signals at certain defined 
frequencies. The tracking device 100 also includes an ultrasonic emitter. The 
tracking device 100 emits frequencies using ultrasonic emitter 600 and picks up 
response frequencies received by the ultrasonic transponder 602. if specific 
frequencies Indicative of an aircraft are received by the ultrasonic transponder 

10 602 In response to frequencies emitted by the ultrasonic emitter 600, then the 
container 1 0 is in the aircraft 50. 

In a preferred embodiment, pipes 604 with specific resonant frequencies 
are placed in the aircraft 50. The contre)! system 101 causes the ultrasonic 
emitter 600 to transmit frequencies across a band in which resonant frequencies 

15 are expected to occur. The control system 101 receives response frequencies 
from the ultrasonic transponder 602 in response to signals emitted by the 
ultrasonic emitter 600 and compares them in memory 102 to expected signals to 
be received when the container 10 (s in an aircraft 50 with pipes 604, If the 
control system 101 receives signals from the ultrasonic transponder 602 that are 

20 expected when the container 10 is in the aircraft 50, this indicates that the 

container 10 Is in an aircraft 50, in which case the control system 101 carries out 
the deactivation and reactivation process. Although the reactivation procedure 
for this method requires, transmission of signals to determine if the container 10 
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has been removed from the aircraft 50, such signals should not pose a problem 
with the aircraft 50 systems since such transmissions are low power and are 
designed for close range detections. 

Alternatively, the control system 101 may cause the ultrasonic emitter 600 
5 to transmit bursts of acoustic noise covering the desired band of frequencies. 
When the transmitted signals are stopped, the pipes 604 will continue to 
resonate at their resonant frequency and the control system 101 will be able to 
continue to receive their response signals through the ultrasonic transponder 
602. 

10 Additional ultrasonic marker sensors 1 18c and sensing systems such as 

that described in U.S. Patent No. 4,779,240, incorporated herein by reference in 
its entirety, can be used to sense the frequency response of emitted signals to 
markers placed purposely in an aircraft 50 holding the container 10, and the 
present Invention is not limited to any particular type of ultrasonic marker sensor 

15 11 8c or sensing system. 

Infrared Beacon Sensor 

The infrared sensor 120d is an active sensor that senses the presence of 
a cooperative marker 60 that emits a specific beacon of light like that described 
20 in U.S. Patent No. 5,165,064, incorporated herein by reference in its entirety. 
The tracking device 100 includes an Infrared sensor 12Qd that detects infrared 
signals emitted by an infrared beacon marker placed in the aircraft 50. 
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The infrared beacon marker placed in the aircraft 50 emits a llglit in the 
cargo hold area. The infrared sensor 120d detects lights emitted in its path and 
transmits signals to the control system 101 through the Input/output interface 
106. If the control system 101 receives signals from the infrared sensor 120d 
associated with the detection of light from an infrared beacon placed into an 
aircraft 50, this indicates that the container 10 is In an aircraft 60. in which case 
the control system 101 canies out the deactivation and reactivation operation as 
previously described In Figure 6 above. 

Frequency Beacon Sensor 

The tracldng device 100 may detennine If the container 10 Is in an aircraft 
50 by using a frequency beacon sensor 126e that detects fiequencles emitted by 
a frequency beacon placed in the aircraft 50. The tracking device Includes a 
frequency beacon sensor 120e that detects signal frequencies emitted In the 
proximity of the frequency beacon sensor .120e associated with the container 10. 

The fr^equency beacon sensor 120e in the preferred embodiment is the 
sameasthatdescribedforthefrequencydetector118c. The frequency beacon 
emits a signal frequency of 400 Hz. the same frequency emitted by aircraftso AC 
power distribution systems. In this manner, a redundancy is built Into the system 
automatically. The frequency detector 120e will detect 400 Hz signals whether 
they are from the frequency beacon or from the aircraft 50 AC power distribution 
system, as described previously, thereby adding an extra measure of reliability 
and accuracy. However, it should be noted that a frequency beacon may be 
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used that does not emit frequencies that are the same as those emitted naturally 
by an aircraft 50 and/or its systems as the sole method of determining whether or 
not a container 10 is in an aircraft 50. 

A frequency detector that detects 400H2 signals could indicate that the 
container 10 is on the aircraft 50 and provide for the traclcing device 100 to be 
deactivated. Three receiving elements 440, as previously illustrated in Figure 8, 
that are orthogonal to each other in three dimensions are used as the frequency 
beacon sensor 120e for detecting the desired frequency signals. The receiving 
elements 440 may be tuned circuits to detect the desired frequency, or 
magnetometers designed to sensitively measure AC field strengths, both of 
which are well known and commonplace. 

If the control system 101. reads a signal from the frequency beacon sensor 
120e that is known to be the frequency of the frequency beacon, the 
microprocessor 1 02 will know that the container 10 Is in the aircraft 50 and will 
initiate the deactivation/reactivation procedure as previously described in Figure 
6 above. 

Magnetic Marker Sensor 

As illustrated in Figures 14a and 14b, a magnetic marker sensor 120f may 
be used by the tracking, device 100 to sense the presence of a cooperative 
marker 60 that is positioned within the aircraft 50, Information is placed in the 
cooperative marker 60 in the fonn of magnetic patterns 642 placed In the aircraft 
5, as illustrated In Figure 14a. The magnetic patterns 642 may contain 
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information In a pattern like that of the Marconi Sno\Afflake code 520 previously 
discussed above and shown in Figure 11. The magnetic marker sensor 120f 
may also distinguish reading the magnetic marker 60 from left to right or top to 
bottom, depending on the alignment of the magnetic marker 60 to Indicate the 
5 direction of movement of the container 10 with respect to the magnetic marker 
60. 

The magnetic marker sensor 12Gf receives magnetic signals from an array 
of magnetically charged patterns 642 made out of conductive material, as 
illustrated in Figure 14a. The magnetic sensor 120f is in the form of an array of 

10 colls 643 that receive magnetic signals of the pattem 642. The magnetic marker 
sensor 120f passes the magnetic infonnatlon to the microprocessor 102 of the 
control system 101 through the input/output interface 106. Based on the 
information nread from the magnetic marker 642, the control system 101 
determines the container 10 is being loaded or has been loaded into an aircraft. 

15 50, in which case the control system 101 carries out the deactivation and 
reactivation process. 

When more than one sensor 1 18. 120 is included within the tracking 
device 100, the control system 101 may determine deactivation upon receiving 
signals from one or both sensors 118, 120. In a configuration in which the 

20 control system 110 deactivates upon receiving only one signal, the sensors 118, 
120 work as redundant systems to reduce the likelihood that the container could 
be placed on the aircraft 50 without deactivation. A redundant system allows for 
one of the sensors to be miscalibrated or damaged without impacting the 
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deactivation process. Conversely, when the control system 101 requires both 
signals, the device is not deactivated by a sensor transnnitting false loading 
readings. 

Within both tlie environmental sensor 118 and cooperative marlcer sensor 

5 120 embodiments, the control system 101 is sent signals that are interpreted as 
requiring deactivation. Immediately upon receiving a signal, the control system 
101 may deactivate the tracking system as previously described in Rgure 6. 

The sensors 118, 1 20 may also be used for detemriining when the 
container 10 enters an intrinsically safe area. If the container 1 0 is prohibited 

10 from entering areas that require intrinsic safety, this could restrict routes available 
for the container's 10 travel and may further restrict the utility of the container 10 
for shipping applications. 

Section 500-2 of the National Electrical Code Handbook (NEC), 
. incorporated herein by reference In Its entirety, indicates that "Intrinsically safe" 

15 equipment is electrical equipment that "operates at a low voltage and are 
designed safe, regardless of short circuits, ground, over-voitage, equipment 
damage, or component failure." A wide range of industries such as, for example, 
electric utilities, power plants, oil refineries, off shore oil rigs, gas ethylene 
companies, chemical plants, coal mining operations, coal prep plants and 

20 transfer stations, gas pipelines, plastic manufacturers, granaries, etc. present 
very hazardous environments in which electrical equipment must be used. 
Because of these dangerous environments, various standards have been 
imposed by the NEC and by Underwriters Laboratories (UL) for the design of. 
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electrical equipment for liazardous areas. 

The hazardous material sensor 1 18h is an environmental sensor 118 
that senses when the container is in the presence of hazardous materials, 
Including gas, liquids, or solids, and deactivates the tracking system 100. One 
5 type of hazardous material sensor IIBh is disclosed in U.S. Patent No. 
5,782.275 for sensing hydrocarbons that are present in fuels. 

Additionally, the container may use cooperative marker sensors 120, 
described above, to detect when It is in or proximate to an intrinsically safe 
area. Cooperative markers 120 such as the optical marker 120a, ultrasonic 
1 0 marker 120c, infrared beacon 120d. frequency beacon 120e, and magnetic 
marker 120f all may be used individually or in combination to provide such 
functionality. 
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CLAIMS : 

1 . A tracking device for tracking tlie location of a container to wliich 
the device Is operatively connected, said device including a sensor for sensing 
whether said tracking device is in proximity to a transportation vessel to 

5 deactivate said tracking device. 

2. The device of claim 1 , wherein said tracking device further 
includes a positioning system to receive positioning information concerning the 
container and a remote communication device to transmit said positioning 

10 information remotely. 

3. The device of claim 2, wherein said positioning system receives 
said positioning information from at least one satellite. 

15 4. The device of claim 2, wherein said positioning system receives 

said positioning information from a tower. 

5, The device of claim 4, wherein said tower Is an airport tower. 
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6. The device of claim 2, wherein said remote communicate device 
communlcafes said positioning Infonnation remotely to a remote site. 

7. The device of ciaim 2, wherein said remote communication device 
communicates said positioning information remotely through a modem. 

8. The device of claim 7, wher^n said modem is a radio-frequency 
modem. 

9. The device of claim 7, wherein said modem is a cellular phone 
modem. 

10. The device of claim 6, wherein said remote communication device 
communicaties said position infonnation remotely to a remote site through 
satellite communications. 

1 1 . The device of claim 2, wherein said positioning system is a GPS. 

12. The device of claim 2, wherein said tracking device further includes 
a control system, said control system adapted to receive said positioning 
information and transmit said positioning infonnation remotely. 
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13. The device of claim 12, \Artiereln said sensor is an environmental 
sensor. 

14. The device of claim 13, wherein said environmental sensor is said 
5 positioning system, and said control system is adapted to deactivate said 

tracl<ing device if said control system cannot receive said positioning infonnation. 

15. The device of claim 14, wherein said positioning system receives 
said positioning infomnation from a plurality of satellites. 

10 

16. The device of claim 15, wherein said control system deactivates 
said remote communication device if said control system cannot receive said 
positioning information from all of said plurality of satellites. 

15 17. The device of claim 15, wherein said control system deactivates 

said remote communication device if said control system does not receive said 
positioning information from at least two said plurality of satellites. 

1 8. The device of claim 1 5, wherein said control system reactivates 
20 said remote communication device when said control device receives said 
positioning information from a least two said plurality of satellites. 
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1 9. The device of claim 15, wherein said control system reactivates 
said remote communication device when said control system receives said 
positioning information from one of said plurality of satellites. 

5 20. The device of claim 15, wherein said control system reactivates 

said remote communication device when said control system receives said 
positioning information from all of said plurality of satellites. 

21. The device of claim 13, wherein said environmental sensor is a 
10 pressure sensor that piclcs up pressure signals associated with the container, 

22. The device of claim 21 , wherein said control system deactivates 
said tracking device if said pressure signals exceed a threshold value. 

15 23. The device of claim 21 , wherein said control system deactivates 

said remote communication device rf said pressure signals exceed a threshold 
value. 

24. The device of claim 22. wherein said control system determines 
20 said threshold value by determining the particular type of transportation vessel. 

25. The device of claim 22, wherein control system deactivates said 
remote communication device if said pressure signals exceed a threshold value. 
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26. The device of claim 13, wherein said environmental sensor is an 
altimeter whereby said control system determines the three-dimensional location 
of the container by using botii said altitude information and said positioning 

S information to determine if said traclcing device should be deactivated. 

27. The device of claim 26, wherein said control system determines the 
altitude of the container above ground level by con^elating said three-dimensional 
location to a ground level value. 

10 

28. The device of claim 27, wherein said control system includes a 
memory having a look-up table for determining the ground level value. 

29. The device of claim 28, wherein said control system communicates 
15 said three dimensional location remotely to a remote site and said remote site 

communicates said ground level value back to said control system. 

30. The device of claim 27, wherein said control system deactivates 
said tracking device said three-dimensional location of the container is above 

20 ground level. 

31. The device of claim 30, wherein said control system deactivates 
said remote communication device. 

44 

SUBSTITUTE SHEET (RULE 26) 



wo 01/75472 



PCT/GBOl/01531 



32. The device of claim 13, wherein said environmental sensor is an 
acoustic sensor that picks up acoustic signals surrounding the container. 

33. The device of claim 32, wfierein said acoustic signal represents 
engine noise of the transportation vesseL 

34. ^ The device of claim 32, wtiereln said acoustic signal represents an 
acoustic signature of the transpo rtation vessel. 

35. The device of claim 32, wherein said acoustic signal represents 
movement of the transportation vessel. 

36. The device of claim 32, wherein said acoustic sensor is a 
1 5 microphone that picks up the acoustic signals. 

37. The device of claim 36, wherein said acoustic sensor includes a 
digital signal processor that receives the acoustic signals and communicates the 
acoustic signals to said control system to determine rfthe acoustic signals are 

20 from a transportation vessel. 
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38. The device of claim 32, wherein said acoustic sensor includes a 
first micropiidne that picks up acoustic signals from the air and a second 
microphone that picl<s up vibrations from the structure of the aircraft. 

5 39. The device of claim 32, wherein said control system determines the 

type of transportation vessel based on the acoustic signal. 

40. The device of claim 27, wherein said control system deactivates 
said tracking device if said control system determines that the acoustic signals 
10 represent signals associated with the transportation vessel. 

41 - The device of claim 40, wherein said control system deactivates 
said remote communication device. 

15 42. The device of claim 13, wherein said environmental sensor is a 

frequency detector whereby said control system detemilnes frequency signals 
surrounding the container. 

43. The device of claim 41 , wherein said frequency detector is 
20 comprised of coils and a tuned circuit to determine the presence of specific said 
frequency signals. 
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U vl iTin I 

44. The device of claim 41 , wherein said frequency detector is a 
magnetometer. 

45. The device of claim 40, wherein said frequency detector picks up 
said frequency signals independent of orientation. 

46. The device of claim 40, wherein said control system uses said 
frequency signals to determine if the transportation vessel is powered. 

47. The device of claim 40, wherein said control system deactivates 
said tracking system if the frequency signals indicate that the transportation 
vesselis powered. 

48. The device of claim 47, wherein said control system deactivates 
said rennote communication device. 

49. The device of claim 13. wherein said environmental sensor is a 
motion sensor that detects movement made by the transportation vessel. 

50. The device of claim 49, wherein said motion sensor Is a 
piezoelectric device. 
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51 . The device of claim 49, wherein said motion sensor is a rnercury 

switch. 

52. The device of claim 49, wherein said control system deactivates 

5 said tracking system if signals from the motion sensor indicate that the container 
is in the transportation vessel. 

53. The device of claim 52, wherein said control system deactivates 
said remote communication device. 

10 

54. The device of claim 13, wherein said environmental sensor Is a 
capacitance sensor that senses capacitance associated with the container. 

55. The device of claim 54, wherein said control system deactivates 
15 said tracfcfng device if said control system determines that the capacitance is 

associated with the transportation vessel. 

56. The device of claim 55, wherein said control system deactivates 
said remote communication device. 

20. ' 

57. The device of claim 13, wherein said environmental sensor is a 
shape sensor that senses the cun/atures of the container surroundings. 
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58. The device of claim 57, wherein said control system deactivates 
said tracking device if said control system -determines the signals from said 
shape sensor are indicative of the shape of the transportation vessel. 

59. The device of claim 58, wherein said control system deactivates 
said remote communication device, 

60. The device of claim 13. wherein said environmental sensor Is an 
imaging sensor further comprised of an imaging emitter and an imaging detector, 
wherein said imaging emitter emits a beam and said imaging detector detects the 
reflection of said beam. 

61 . The device of claim 60, wherein said control system deactivates 
said remote communication device. 

62. The device of claim 13, wherein said environmental sensor is 
comprised of at least t\A/o sensors in the group consisting of: positioning system, 
acoustic sensor, frequency detector, pressure sensor, altimeter, motion sensor, 
capacitance sensor, and optical sensor. 

63. The device of claim 12, wherein said sensor is a cooperative 
marker sensor that detects marlcer Information In proximfty to the transportation 
vessel. 
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64. The device of claim 63, wherein said cooperative marker sensor is 
an optical marker sensor and wherein said nnarker information is a code. 

5 65. The device of claim 64, wherein said control system deactivates 

said remote communication device. 

66. The device of claim 64, wherein said code is a bar code. 

10 67. The device of claim 66, wherein said code is a Snowflake code. 

68. The device of claim 63, wherein said cooperative marker sensor is 
a capacitance marker sensor and said mariner information is comprised of at 
least one metal plate. 

15 

69. The device of claim 68, wherein said control system deactivates 
said remote communication device. 

70. The device of claim 63, wherein said cooperative marker sensor is 
20 an ultrasonic marker sensor and said marker information is an emitted ultrasonic 

signal. 



SUBSTITUTE SHEET (RULE 26) 



wo 01/75472 PCT/GBOl/01531 

71. The device of claim 70, wherein said control system deactivates 
said remote communication device. 

72. The device of claim 70. wherein said ultrasonic marker sensor is an 
3 ultrasonic transponder. 

73. The device of claim 63, wherein said cooperative marlcer sensor Is 
an Infrared beacon and said marlcer information is an Infrared signal. 

10 74. The device of claim 73, wherein said control system deactivates 

said remote communication device. 

75. The device of claim 63, wherein said cooperative marlcer sensor is 
a frequency beacon sensor and said marker Information is a frequency signal. 

15 

76. The device of claim 75, wherein said control system deactivates 
said remote communication device. 

77. The device of claim 74, wherein said frequency beacon sensor is 
20 comprised of coils and a tuned circuit to determine the presence of specific 

frequency signals. 
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78. The device of claim 74, wherein said frequency beacon sensor is a 
magnetometer. 

79. The device of claim 74, wherein said frequency beacon sensor 
5 detects frequency signals independent of orientation. 

80. The device of claim 74, wherein the frequency signals are 
substantially the same frequency emitted by the power system of the 
transportation vessel. 

10 

81 . The device of claim 80, wherein the frequency signals emitted by 
the power system are from an AC power source. 

82. The device of claim 81, wherein the frequency signals are AC 400 

15 Hz. 

83. The device of claim 63, wherein said cooperative marker sensor is 
a magnetic sensor and said marker information is a magnetic pattern. 

20 84. • The device of claim 83, wherein said control system deactivates 

said remote communication device. 
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85. The device of claim 63. wherein said mariner information includes 
information associated witli tlie transportation vessel. 

86. The device of claim 85, wherein said information is the particular 
5 type of transportation vessel. 

87. The device of claim 85, wherein said infomiation Is an Itinerary 
information of the transportation vessel. 

1 0 88. The device of claim 87, wherein said itinerary Information is used 

by said control system to reactivate sard tracking device. 

89. The device of claim 88, wherein said control system reactivates 
remote communication device. * 

90. The device of claim 12, wherein said control system deactivates 
tracking device for a specified period of time. 

91 . The device of claim 12, wherein said control system deactivates 
20 said remote communication device. 

92. The device of claim 90, wherein said control system deactivates 
said tracking device for a specified period of time based on said itinerary. 
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93. The device of claim 90, wherein said control system is associated 
with a timer circuit whereby said control system programs said timer circuit to 
wake up said control system altera specific period of time. 

94- The device of claim 1 , wherein said tracking device disables said 
remote communication device only. 

95. The device of claim 94. wherein said tracking device disables 
power to said remote communication device. 

96. The device of claim 2, wherein said tracking device further includes 
a portable access port to allow access to said tracking device by a portable 
computer. 

97. The device of claim 96, wherein said tracking device is adapted to 
activate said remote communication device when directed to do so by the 
portable computer. 

98. The device of claim 97, wherein said tracking device communicates 
said positioning information through said portable access port. 
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99. The device of claim 97, wlierein said tracking device 
communicates to a remote site through said portable access port. 

1 00. The device of claim 1 , wherein said tracl<ing device is adapted to 
5 use said sensor information to determine when the container is in proximity to 

hazardous materials to deactivate said tracking device. 

1 01 . The device of claim 100, wherein the hazardous materials are 
detected by an environmental sensor. 

10 

1 02. The device of claim 101, wherein said environmental sensor is 
selected from the group consisting of a hazardous liquid sensor, a hazardous 
gas sensor, and a hazardous solid sensor. 



15 1 03. The device of claim 1 00, wherein the hazardous materials are 

detected by a cooperative marker sensor. 

1 04. A tracking method for tracking the location of a container to which 
a tracking device is operatively connected, said method Including sensing 
20 whether said tracking device is in proximity to a transportation vessel to 
deactivate said tracking device. 
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105. The method of claim 104, further comprising the step of reactivating 
said tracl^ing device when the container is removed from the transportation 
vessel. 

5 1 06, The method of claim 1 04, wherein* said tracl^ing device receives 

positioning information cortceming the location of the container. 

1 07. The method of claim 106, further comprising the step of receiving 
said positioning information from at least one satellite. 

10 

108. The method of claim 106, further comprising the step of 
communicating said positioning infomnation locally. 

109. The method of claim 106. further comprising the step of 
15 communicating said positioning infomiation remotely, 

110. The method of claim 104, wherein said step of detennining when 
the container Is In proximity to the transportation vessel is performed by sensing 
the environment associated with the container. 

20 

111. The method of claim 110, wherein said sensing the environment is 
performed by determining if the tracking device is receiving positioning 
information about the location of the container. 
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1 1 2. The device of claim 111, wherein the positioning information is from 
a plurality of satellites. 

5 113. The device of claim 1 12, wlierein said step of deactivating said 

tracl^ing device is performed If said tracking device cannot receive the positioning 
information from all of said plurality of satellites. 

1 14. The device of claim 1 12, wiierein said step of deactivating said 
10 tracking device Is performed If said tracking device cannot receive the receiving 

information from at least two of said plurality of satellites. 

115. The device of claim 1 12, whierelasaid tracking device reactivates 
said tracking device wiien said tracldng de>^ce receives the positioning 

15 information from a least two said plurality of satellites. 

1 16. The device of claim 1 12, wtierein said tracl^ing device reactivates 
said tracking device when said tracking device receives the positioning 
information from one of said plurality of satellites. 

20 

1 17. The device of claim 1 12, wherein said tracking device reactivates 
said tracking device when said control system receives said positioning 
information from all of said plurality of satellites. 
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118. The method of claim 110. wherein said sensing the environment is 
performed by sensing the acoustics associated with the container. 

119. The method of claim 118, further comprising the step of 
determining the particular type of transportation vessel based on said sensing of 
acoustics. 

120. The method of claim 110, wherein said sensing the environment is 
performed by measuring signal frequencies surrounding the container. 

121 . The method of claim 120, wherein said measuring signal 
frequencies is performed in an orientation independent manner. 

1 22. The method of claim 1 20, further comprising the step of 
determining if the transportation vessel is powered. 

1 23. The method of claim 110, wherein said sensing the environment is 
perfonned by measuring the pressure associated with the container. 

124. The method of claim 110, wherein said sensing the environment is 
performed by determining the altitude the container and using said altitude in 

58 

SUBSTITUTE SHEET (RULE 26) 



wo 01/75472 



PCT/GBOl/01531 



conjunction with the location of the container to detemiine the three dimensional 
location of the container. 

1 25. The method of claim 1 24. wherein detemninlng the three 
5 dimensional location of the container is performed using a look-up table. 

1 26- The method of claim 1 24, further comprising the step of 
communicating said three-dimensional location remotely to a remote site. 

10 127. The method of claim 110, wherein said sensing the environment is 

performed by measuring the movement of the container. 

128. The method of claim 110, wherein said sensing the environment is 
perfonmed by measuring the vibration of the container. 

15 

129. The method of claim 110, wherein said sensing the environment Is 
performed by measuring the vibration of the transportation vessel. 

130. The method of claim 110, wherein said sensing the environment is 
20 performed by measuring the capacitance associated with the container. 

131. The device of claim 110, wherein said sensing the envin^nment is 
performed by sensing the shape of the curvatures of the container surroundings. 
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132. The method of claim 110, wherein said step of determining when 
the container is in proximity to the transportation vessel is performed by sensing 
a cooperative marker in proximity to the transportation vessel, 

5 

133. The method Of claim 132, wherein said cooperative marker is a 
code proximate to the transportation vessel. 

134. The method of claim 133, wherein said sensing a cooperative 
10 marker is performed optically. 

135. The method of claim 132, wherein said sensing a cooperative 
marker is performed optically. 

15 1 36. The method of claim 1 32, wherein said cooperative marker is a 

magnetic pattem. 

1 37. The method of claim 1 32, further comprising the step of 
detemnining the particular type of container from said sensing a cooperative 

20 marker- 

1 38. The method of claim 1 32, further comprising the step of 
determining the itinerary of the container from said sensing a cooperative marker. 
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1 39. The method df claim 1 38, further comprising the step of reactivating 
said tracking device based on the Itinerary of the container. 

5 140. The method of claim 1 32, wherein baid wherein said cooperative 

marlcer is a frequency beacon marker. 

141. The method of claim 140, wherein said frequency beacon emits a 
frequency signals that is approximately the same signal emitted by the power 

10 system of the transportation vessel. 

142. The method of daim 140, wherein said sensing is performed 
independent of the orientation of the container. 

15 143, The method of claim 132, wherein said cooperative marker Is an 

Infrared beacon marker. 

144. The method of claim 1 32, wherein said cooperative marker is an 
ultrasonic signal. 
20 ' 

145- The method of claim 104, wherein said step of deactivating said 
tracking device is performed for specified period of time. 
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146. The method of claim 104, wherein said step of deactivating said 
tracking device is maintained during the scheduled journey of the container on 
the transportation vessel based on the itinerary of the container. 

147. The method of claim 104, further comprising accessing said 
tracking device through a portable access port. 

148. The method of claim 147. further comprising communicating the 
location of the container through said portable access port 

149. Tine method of daim 147, further comprising transmitting the 
location of the container remotely. 

150. A tractang device associated with a cargo container that is placed 
Into a vessel for transmitting the location of the cargo container, said tracl<ing 
device comprising: 

(a) a GPS system for receiving positioning infonnation of the cargo 
container; 

(b) a ceflular phone modem adapted to receive said positioning 
information and transmit said positioning informatfon to a remote site; 

(c) a sensor operatively associated with the cargo container to sense 
information concerning the sun-oundings of the cargo container; and 
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(d) a control system adapted to receive said information from said 
sensor to deactivate the cellular phone modem when the cargo container is In 
proximity to the aircraft. 

5 151 . A tracking device associated with a cargo container that is placed 

into an aircraft, comprising: 

(a) means for receiving positioning information of tlie cargo container; 

(b) means for receiving said positioning infonnation and means for 
transmitting said positioning Information remotely; 

1 0 (c) means f o r sensing infonnation concerning the surroundings of the 

cargo container; and 

(d) means for receiving said sensing Information to determine when 
cargo container is In prc>ximlty to the aircraft and to deactivate said transmitting 
means. 
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Fig.6. 
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Fig.7. 
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Fig. 13. 
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Fig.14A. 
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